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Non-technical summary
In 2006, on average 43% of the firms in the EU-15 practiced IT outsourcing (ITO).
The determinants of ITO as well as firms' incentives to source out non-core activities have been examined extensively. As summarised by Lacity et al. (2010) , the most important motive for ITO is "the desire to reduce cost on a non-core IT activity better provided by suppliers with superior skills, expertise, and technical capabilities".
Less research focused on the impact of ITO on firm performance.
In this study, we analyse whether ITO increases a firm's probability of realising product or process innovations due to setting free resources that can be redirected to core competencies such as innovation activity. For our empirical analysis, we use two waves of the ZEW ICT survey, 2007 ICT survey, and 2010 ICT survey, , comprising 1453 firms from the manufacturing and the services sector in Germany. The data set allows to employ different measures of ITO taking into account that the degree of outsourcing might matter and that there might be nonlinear relationships between ITO and innovation activity. By splitting our estimation sample in manufacturing and services firms we furthermore explore whether the impact of ITO on innovation activity differs between manufacturing and services firms given the fact that business processes are generally more IT intensive in services firms.
The econometric probit analysis shows a significant and U-shaped relationship between ITO and the product innovation activity of manufacturing firms. In the service sector, by contrast, we find a significant and hump-shaped relationship between ITO and the realisation of process innovation. Applying a propensity score matching approach takes account of potential reverse causality between ITO and innovation; the results underpin the importance of ITO for services firms' realisation of process innovation. 
Das Wichtigste in Kürze
Im
Introduction
In 2006, on average 43% of the firms in the EU-15 sourced out IT services to external service providers (see Figure 1 ). This share varies between 20% in Greece and 78% in Denmark. Within countries there might be a large variation with respect to IT outsourcing across industries as the boxplots in Figure 1 indicate.
According to Lacity et al. (2010) the most important motive for information technology outsourcing (ITO) is "the desire to reduce cost on a non-core IT activity better provided by suppliers with superior skills, expertise, and technical capabilities". As regards the outcome of ITO empirical results are less concise, however with a major proportion of studies showing evidence for positive outcomes.
Our study contributes to the literature in three respects: First, we consider innovation activity as a firm's core competence and analyse the question whether ITO supports innovative activity because firms have more capacity to concentrate on.
Second, we use different measures of ITO: (i) a binary variable, (ii) two dummies, one for partial outsourcing and one for complete outsourcing, (iii) the percentage of IT services sourced out to external service providers. This allows taking account of nonlinear relationships between ITO and the performance measure. Third, we differentiate between manufacturing and services firms in order to take into account systematic differences. Services firms are generally more IT intensive and thus might depend more on a well functioning IT infrastructure than do manufacturing firms.
Our analysis is based on a German data set comprising 1453 firms from manufacturing sectors and from services sectors.
Beyond probit estimations, we conduct a propensity score matching analysis in order to account for possible reverse causality between ITO and innovation activity.
As a preview to our results, we show that
• ITO plays a significant role for product innovation of manufacturing firms and for process innovation in services firms.
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• The results obtained by probit estimations suggest a nonlinear relationship with ITO which is U-shaped in the case of product innovation in manufacturing firms and inverted U-shaped in case of process innovation in services firms.
• The results from the propensity score matching approach underpin the finding of a positive effect of ITO on the realisation of process innovation in services firms.
IT Outsourcing and Innovation
Advances in IT are a key driver of service outsourcing 1 at the national level and at the international level (Abramovsky and Griffith, 2006) . Owing to this technological progress firms are faced with the obsolescence of their technical equipment and knowhow (see for example, Bartel et al. (2009) ). As a consequence, a lot of firms source out IT services such as the maintenance of hardware, or software programming, to external service providers. The determinants of ITO are well studied, most of the studies belonging to the information systems literature. The most recent and comprehensive review of this literature is provided by Lacity et al. (2010) . They reviewed 164 empirical -quantitative and qualitative -articles and coded their findings. They consider articles focussing on the determinants of ITO decisions and on the outcomes of ITO. The results with respect to the determinants of ITO show that the main motive for ITO is to concentrate on core competencies while accessing the expertise of external specialised service providers.
From most firms' perspective, IT services are viewed as non-core activities. ITO allows them to concentrate on other, more crucial activities such as innovation or marketing. By specialising, ITO providers achieve economies of scale and keep pace with technological advances. This in turn allows outsourcing firms to reduce costs and to flexibly access new technologies. According to the transaction cost theory (Williamson, 1985) outsourcing is associated with costs for search and information, 1 See for instance Görg et al. (2010) for the specificities of service outsourcing. Hypothesis 1: ITO is positively related with a firm's innovation activity.
Redirecting and concentrating resources on core competencies increases the likelihood of realising 1a) product innovations and 1b) process innovations.
Hypothesis 2:
The relationship between ITO and innovation activity depends on the degree of ITO so that nonlinear effects occur.
Hypothesis 3:
The relationship between ITO and innovation activity differs between manufacturing and services firms due to systematic differences in using IT and distinct levels of IT intensity.
Econometric Implementation
The focus of our empirical analysis is on how firms' innovation activity is related to IT outsourcing. Innovation activity is measured as a binary variable taking the value one if an innovation has been realised and the value zero otherwise. The probability of realising a process innovation or product innovation is assumed to 4 be determined by ITO as well as by various other factors X well-known from the empirical literature on innovation. For firm i, the relationship is specified as:
with j {IC, ID} and IC = process innovation and ID = product innovation, and Φ(·) representing the cumulative normal distribution function. ITO is thus assumed to positively shift firm i's probability to innovate. The matrix X comprises firm size measured as number of employees as a driver of innovation, capital investment, and IT intensity. 3 A dummy variable indicating whether or not a firm exports its products and services controls for international competitive pressure. Previous innovation success is included to account for the persistence of innovation activity (see for instance Flaig and Stadler (1994) and Peters (2009) ). Finally, two-digit sector dummies and a regional dummy (East/West Germany) are included in order to control for sector-specific and regional effects. The next section gives a more detailed description of the data.
In a first step, we apply probit estimation since the dependent variables are binary.
We do this separately for product and process innovation as dependent variables, for all sectors as well as separately for manufacturing and services.
Outsourcing IT services might be part of a firm's strategy and therefore possibly endogenous with respect to innovation activity, i.e. innovating firms may be more likely to engage in ITO than non-innovating firms. Therefore, in the next step, we infer the effects of ITO on a firm's innovation activity by conducting a matching analysis. In this quasi-experimental design ITO is interpreted as a treatment and a firm of the treatment group (ITO) is matched with firms from the control group (non-ITO) which are very similar to the ITO firm with respect to observed characteristics. Since ITO firms and non-ITO firms can not be perfectly matched ("curse of dimensionality"), we employ the method of propensity score matching (Rosenbaum and Rubin, 1983) .
In the first step of the matching procedure for every firm the propensity score is estimated through a probit regression of the ITO dummy on all explanatory variables in the model. A prerequisite for employing matching methods is that the conditional independence assumption (CIA) holds (Rubin, 1977) . This implies that conditional on the estimated propensity score the treatment participation (i.e. ITO)
is random and independent from the treatment outcome (i.e. innovation activity).
If the CIA is satisfied we can infer the counterfactual innovative outcome of ITO firms by examining non-ITO firms with similar propensity scores. Therefore, in the second step, each IT outsourcing firm is matched with one or more non-ITO firms ("next neighbours") exhibiting the closest propensity score. The mean difference in the outcome variable innovation activity between ITO firms and their non-ITO counterparts then indicates the average treatment effect on the treated (ATT).
Data and Descriptive Analysis
For the empirical analysis we use two waves of the ZEW ICT survey, a representative IT services comprise for instance hardware maintenance, software programming, leasing, etc.
From this share, we derive three alternative measures of IT outsourcing: The dummy variable ITO dummy takes the value one if a firm has outsourced IT services.
ITO partially is a dummy taking the value one if IT services are partially sourced out whereas ITO completely takes the value one if firms practice complete IT outsourcing.
Finally, the variable % share of ITO is the proportion of IT services provided by external service suppliers.
Firm size is captured by the number of employees. Since some empirical evidence hints to a nonlinear relationship between innovation success and firm size, we additionally include the squared firm size. Investment is measured as total investment in million euros. A firm's IT intensity is measured as the percentage share of employees working predominately at a computer.
The qualification of employees is captured by the proportion of employees being high-skilled (degree from university, university of applied sciences or university of cooperative education) or medium-skilled (master craftsman, technicians, persons having successfully completed vocational training). Low-skilled (without formal qualification) workers are the reference category.
For the matching analysis, we employ three additional variables that could impact the propensity of ITO at the firm-level. The proportion of employees being IT specialists is captured by the variable % IT specialists. The consortium dummy
indicates whether a firm is part of a group of firms (multi-establishment company).
Moreover, we take into account local supply of IT services (log(local IT suppliers))
by measuring the number of IT-services suppliers located in the same region as a surveyed firm. This variable was obtained by selecting all firms with NACE code 62 (IT service provision) and 63 (provision of information services) from a data base provided by Creditreform, Germany's largest credit rating agency. The data base yields information about the residence of IT-services suppliers in Germany.
This information has been merged with the survey data at the three-digit county level (according to the so-called "Kreiskennziffer"). In total, we have 40 counties at the three-digit county level. Arora and Forman (2007) analyse the role of local IT services markets for U.S. establishments' probability to source out IT services. They find that sourcing out programming and design services is positively affected by the local supply of such services suggesting that these services consist of non-tradeable or local components that need more face-to-face interaction. Descriptive statistics for the full estimation sample are presented in Additionally, a set of dummy variables controls for differences across location (East or West Germany), export activity and sector affiliation. On average, 35% of the firms in the estimation sample are located in East Germany, 48% of the firms export their products or services to foreign countries.
According to Table 2 , manufacturing firms in our sample had a larger share of product innovators (65%) than services firms (47%) in 2010. They do not differ considerably with respect to ITO. The workforce in services firms is characterised by higher qualification and a more IT-intensive way of working. Therefore, services firms have a higher percentage of IT specialists (15% compared to 4%). More manufacturing than services firms are exporters (68% compared to 30%). Table 3 presents the distribution of firms across industries in our estimation sample and in the complete data set from 2010 containing all interviewed firms. The distributions across industries do not differ severely from each other such that we can assume to work with a sample which is representative with respect to industries.
Empirical Results

Probit Regression
In this section, we empirically test our three hypotheses concerning the relationship between ITO and the innovation activity of firms. (3) and (6) of Table 4 . In the next step, we will analyse how these effects change if we include further explanatory variables.
Product Innovation
The estimation results for product innovation are presented in Table 5 for the full sample and in Table 6 separately for manufacturing and services firms. For the full sample, ITO shows a negative and slightly significant effect when measured as a simple dummy (specification (1)). The relevance of the degree of ITO is taken into account in specifications (2) and (3). When considering separate dummies, one for partial ITO and one for complete ITO, only the dummy for partial ITO is negative and slightly significant (specification 2). In the third specification, the ITO coefficient is negative and slightly significant when measured as shares of IT services that are outsourced. All other variables show the expected signs. Previous innovation activity is important for current innovation (success breeds success hypothesis), firms of larger size, investing more and exporting are more likely to realise product innovation. The share of employees working with computers is positively related to product innovation but only at a 10% significance level. IT training, by contrast, is positive and highly significant for the realisation of product innovation.
In order to reveal systematic differences between manufacturing and services firms, we run the same regressions separately for the two groups of firms. As Table 6 shows, the ITO dummies are now insignificant in all specifications. Only the share of outsourced IT services is significant for manufacturing firms. It shows a U-shaped relationship between product innovation and ITO implying that manufacturing firms' probability to innovate first decreases and then increases with the share of outsourced IT services. For services firms, ITO does not have any significant effects on product innovation. These results contradict hypothesis H1a suggesting that ITO increases the likelihood of realising product innovations.
Process Innovation
Turning to the case of process innovations, results look different. According to Table   7 all three types of measuring ITO reveal positive and significant coefficients similar to the raw regressions although with coefficients of smaller size and lower significance levels. Outsourcing IT services increases the likelihood of realising process innovations about 6% which is in favour of hypothesis H1b. However, specification
(2) indicates a significant impact only for partial ITO while complete ITO does not increase a firm's probability of realising process innovation. Additionally, the third specification hints to a nonlinear inverted U-shaped relationship implying that the probability of realising a process innovation first increases then decreases with the share of outsourced IT services. In line with hypothesis H2, these results show that the degree of ITO matters. As outlined before, transaction costs might be high in case of intensive outsourcing and thus not profitable for firms' innovation capabilities when passing a certain threshold. Further significant variables are previous process innovation, IT training, and the share of employees working with computers.
Running the same regressions for manufacturing and services separately (Table 8) , the ITO variables turn out to be insignificant for manufacturing firms but stay significant for services firms. This favours H3 and seems plausible given the fact that services firms are more IT intensive and thus are more dependent on competent IT service supply. For manufacturing, by contrast, business process outsourcing (BPO) turns out to be more important than ITO. Sourcing out business processes such as accounting or human resource management gives manufacturing firms the possibility to redirect resources into process innovation activity.
Summarising these results, we find that in the case of product innovation, ITO plays a significant role only for manufacturing firms whereas in the case of process innovation it turns out to be an important firm strategy only for services firms. The results for process innovations in services firms indicate a nonlinear inverted U-shape 11 and are more robust in terms of significance of coefficients and different measures of ITO. For product innovations in manufacturing firms, the results indicate a U-shape relationship with ITO, however, only if ITO is measured by the share of outsourced IT services. Our results differ from those of Peukert (2011) in the following respects:
As regards product innovation, our analysis hints to a U-shaped relationship with ITO whereas Peukert (2011) finds a hump-shaped relationship. For process innovation, our results suggest a hump-shaped relationship whereas Peukert (2011) finds a linear one. The advantage of our analysis is that our data explicitly contain expenditure shares of ITO. Peukert (2011) using a previous wave of the ZEW ICT survey had to construct these shares by taking certain assumptions about the ITO intensity and using the share of employees working predominately with computers as a weighting scheme.
Robustness Checks
All estimations were also performed assuming a linear probability model and applying OLS estimation. Since the results do not differ qualitatively, we do not present them here. 
Propensity Score Matching
Although lagged explanatory variables are included in the previous probit regressions concerns about endogeneity may endure. In order to account for possible reverse causality between ITO and innovation activity, we conduct a matching analysis.
The following section describes the results from propensity score matching and the robustness of previous findings.
The first step of the matching procedure is the estimation of the likelihood that a firm sources out IT services. Subsequently, these probit estimation results are used to calculate the propensity score for each firm. In order to fulfill the CIA, implying that conditional on the propensity score the treatment of ITO is randomly assigned, we additionally include three further variables for explaining the outsourcing decision. The variables share of IT specialists and consortium dummy capture additional firm characteristics which may be associated with firm strategies incorporating both innovation activity and ITO. In contrast, log(local IT suppliers) measures the supply in local IT services markets which is suggested to influence prices for ITO and therefore a firm's outsourcing decision.
7 Table 9 shows the first step probit regression results for process innovation. For the full sample the share of employees being IT specialists is negatively correlated with ITO whereas a positive relationship is indicated for the number of local IT-services suppliers. If the sample is split, the coefficients of both variables remain significant for services firms but become insignificant for manufacturing firms. Being part of a group of firms is significantly and negatively correlated with ITO for services only. Furthermore, a firm's likelihood to outsource IT is significantly and positively related to BPO, IT training, the share of employees using a computer, gross investment and exporting. A nonlinear inverted U-shape relation is indicated for the number of 7 See the study by Arora and Forman (2007) showing that some IT services need more personal interaction between outsourcing firm and service provider, and therefore corresponding IT services markets are more local.
8 Raw effects show a significant positive relation between the consortium dummy and ITO. However, the coefficient becomes negative if the number of employees as well as gross investment are controlled for.
employees, such that the positive effect of the firm's size decreases for large firms.
Since perfect matching with respect to all observed firm characteristics is not feasible ("curse of dimensionality"), our matching procedure is based on the propensity score (Rosenbaum and Rubin, 1983) . We match every ITO firm with five non-ITO firms ("next neighbours") exhibiting propensity scores with the shortest distances to the propensity score of the ITO firm. Thus, after matching, ITO firms and non-ITO firms should not differ in any observed explanatory characteristic except of ITO.
If this is yield by the matching procedure and the CIA holds, the counterfactual innovative activity of ITO firms can be inferred from their twin non-ITO firms.
Sample means before and after matching are shown in Table 10 for the full sample of ITO and non-ITO firms. In the unmatched case, firms sourcing out IT services strongly differ from non-ITO firms with respect to observable characteristics. Mean differences are highly significant in all observed characteristics except for the share of employees using a computer. After matching, however, mean differences between ITO and non-ITO firms become insignificant. Our matching procedure, therefore, seems to appropriately match ITO firms with control firms almost identical with respect to observed characteristics.
9 In combination with our assumption, that conditional on the observed characteristics ITO is randomly assigned to firms (CIA),
we are able to infer causal effects. Restricting the sample of ITO firms to those that have a common support with non-ITO firms, only 33 ITO firms are off support so that a total of 1,033 ITO firms is compared to 387 non-ITO firms.
The matching analysis can be employed to test hypotheses H1 and H3 while accounting for possible endogeneity. Since the treatment variable is a dummy indicating whether or not a firm sources out IT services, nonlinear effects cannot be inferred.
Therefore, H2 cannot be tested using this matching approach. Table 11 shows the average treatment effect of ITO on the treated (ATT) distinguishing between type of innovation and sample used. 10 In the case of product innovation, we find no significant causal effects of ITO. The mean differences between ITO and non-ITO firms are negative but insignificant for the full sample as well as for the split samples. This result does not fully support the probit estimates which pointed to a negative effect of ITO on product innovation for manufacturing firms. Additionally, the estimated ATTs contradict H1a assuming that ITO increases a firm's likelihood to realise product innovations.
Turning to process innovations, the matching analysis confirms the probit results with respect to the linear effects of ITO. The mean differences after propensity score matching imply that ITO significantly increases the probability of realising process innovations for services firms whereas this does not hold for manufacturing firms.
The significant ATTs for the full sample (8.8%) and the services sample (12.8%)
are only slightly higher than the respective probit estimates. Thus, even if possible endogeneity is accounted for, we find a positive effect of ITO on the likelihood of realising process innovations confirming H1b.
Finally, the matching results also support hypothesis H3 in the sense that ITO is a crucial determinant of process innovations for services firms only.
6 Discussion and Conclusions
Findings
The purpose of the paper is to provide empirical evidence on the relationship between innovation and IT outsourcing. Although there is already a vast literature on the determinants of ITO and its impact on firm performance, not much empirical research deals with the innovation capabilities of firms and with differences between manufacturing and services firms. We provide econometric evidence based on a unique firm-level data set comprising manufacturing and services firms located in Germany with at least five employees. This data allows to construct various measures of ITO.
Based on previous literature and transaction cost theory, we assume that ITO increases a firm's likelihood to realise innovations (H1). Probit estimations reveal that ITO plays a significant role for product innovations of manufacturing firms and for process innovations of services firms. A matching analysis accounts for possible reverse causality between ITO and innovation activity. Since a dummy variable indicating whether a firm sourced out IT services is employed as treatment variable, only causal linear effects can be inferred by our matching analysis. We find no causal linear effect of ITO in the case of product innovation contradicting H1a. In contrast, the estimated ATT of ITO is positive and significant for process innovations of services firms which is in favour of H1b.
We also test whether the degree of ITO is crucial for the impact of ITO on inno- In manufacturing firms, by contrast, ITO seems to bind resources that are redirected from product innovation activities. Only when reaching a certain threshold of ITO firms start to increase their probability of realising product innovation. Considering IT services as non-core activities of a manufacturing firm, a high share of outsourced IT services gives the opportunity to concentrate on product innovation as a core activity. Moreover, for manufacturers' process innovations, business process outsourcing (BPO) turns out to play a more important role than ITO. This result again is consistent with the fact that business processes in manufacturing firms are generally less IT intensive than in services firms. We conclude that for analysing the effects of ITO on innovation activity distinguishing between manufacturing and services firms is crucial.
Limitations and Future Research
Although we use explanatory variables with a time lag in our probit estimations, there might be endogeneity of ITO in the sense that the more innovative firms are those that invest more in ITO. Therefore, we applied the approach of propensity score matching. This method has some advantages over simple linear regression since for example causal inference only applies to those observations with overlap or common support in the explanatory variables. Its identification strategy, however, relies on selection on observables, i.e. we have to assume that we included all variables explaining a firm's propensity to practice ITO such that given these variables, firms are supposed to be randomly assigned to belonging to the group of ITO or non-ITO firms. This so-called CIA assumption is very strong. There might be factors of unobserved heterogeneity such as for example management practices affecting firms' outsourcing decision that we cannot take into account. So, future studies should use panel data, if available, to take into account unobserved heterogeneity.
Secondly, our data refers to German firms only. Since the German economy is characterised by a large amount of SMEs and a strong manufacturing sector, these results might be generalisable to countries with similar economic structure only. We have seen in the introduction, however, that countries differ a lot with respect to their ITO activities. Further comparable analysis for other countries would thus be helpful.
A Appendix All estimations include controls for industries and for location in East Germany. Significant at 1% * * * , significant at 5% * * , significant at 10% * 
